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The  precipitation  over  eastern  China  during  January–March  2010  exhibited  a marked
intraseasonal  oscillation  (ISO)  and  a dominant  period  of 10-60  days.  There  were  two  active
intraseasonal  rainfall  periods.  The  physical  mechanisms  responsible  for the  onset  of  the  two
rainfall  events  were  investigated  using  ERA-interim  data.  In the  ﬁrst  ISO  event,  anomalous
ascending  motion  was  triggered  by  vertically  integrated  (1000–300  hPa)  warm  temperature
advection.  In addition  to  southerly  anomalies  on  the intraseasonal  (10–60-day)  timescale,
synoptic-scale  southeasterly  winds  helped  advect  warm air from  the South  China  Sea  and
western Paciﬁc  into  the  rainfall  region.  In the second  ISO  event,  anomalous  convection  was
triggered  by a convectively  unstable  stratiﬁcation,  which  was  caused  primarily  by  anoma-
lous moisture  advection  in  the  lower  troposphere  (1000–850  hPa)  from  the  Bay of Bengal
and  the Indo-China  Peninsula.  Both  the  intraseasonal  and  the  synoptic  winds  contributed
to the  anomalous  moisture  advection.  Therefore,  the  winter  intraseasonal  rainfall  events
over East  Asia  in  winter  could  be affected  not  only  by intraseasonal  activities  but also  by
higher  frequency  disturbances.
© 2016  The  Author(s).  Published  by Elsevier  B.V.  This  is an  open  access  article  under  the
CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
It is well known that Madden and Julian (1971, 1972) discovered a 40-50-day oscillation in tropical areas, named as the
Madden-Julian Oscillation (MJO) or the intraseasonal oscillation. The MJO, or ISO, organizes and modulates deep convection
and precipitation and therefore has an important impact on the weather in tropical and extratropical regions. Some examples
include the intraseasonal variations in the Indian, Australian and Asian monsoons (e.g., Wong et al., 2011; Wheeler and
McBride, 2005; Wang et al., 2013) and the genesis of tropical cyclones (e.g., Cao et al., 2012; Huang et al., 2011).
The tropical troposphere exhibits a rich variety of temporal-scale variations. In addition to the intraseasonal oscillation, it
displays interannual, seasonal and synoptic-scale variability. Many studies have revealed interacting processes on multiple
time scales. Some studies have shown how low-frequency background ﬂow modulates higher-frequency scale activities,
which are called ‘down-scale’ inﬂuences (e.g., Li et al., 2015; Yang et al., 2013; Joseph et al., 2011; Yoo et al., 2010; Maloney
and Dickinson, 2003). For the Indian and Asian summer monsoons, speciﬁc monsoon ISO phases are preferred during El
Nin˜o years, and the El Nin˜o events modulate the summer monsoon intraseasonal oscillations (Joseph et al., 2011; Yoo et al.,
∗ Corresponding author at: 601# Building of Meteorology, No. 219, Ningliu Road, Nanjing University of Information Science & Technology, Nanjing,
Jiangsu 210044, China.
E-mail address: yaosx@nuist.edu.cn (Q. Huang).
http://dx.doi.org/10.1016/j.dynatmoce.2016.04.001
0377-0265/© 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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010). Research has also shown that the barotropic energy that is converted between intraseasonal ﬂow and synoptic scale
isturbances as well as the synoptic disturbance’s growth depend on intraseasonal ﬂows (e.g., Maloney and Dickinson, 2003).
At the same time, recent studies have shown that higher-frequency scale activities also have important impacts on lower
requency ﬂows; this is called ‘up-scale feedback’ (e.g., Zhou and Li, 2010; Wang et al., 2013; Hsu et al., 2011; Hsu and Li,
011; Katsumata et al., 2009). Zhou and Li (2010) indicated that synoptic-scale variability (SSV) was  strongly modulated by
he ISO; however, SSV might exert an upscale feedback on ISO through nonlinear rectiﬁed surface heat ﬂux. In the North
aciﬁc in boreal summer (mid-latitude), when a cyclonic ISO ﬂow causes synoptic eddies to tilt in the northwest-southeast
irection, the tilted synoptic eddies then exert a positive feedback that reinforces ISO cyclonic ﬂow through eddy vorticity
ransport (Wang et al., 2013). Katsumata et al. (2009) emphasized the importance of synoptic shallow convection on the
nset process of the ISO’s convectively active phase. Therefore, ISO research should include both down-scale and up-scale
nﬂuences.
Although the ISO was ﬁrst identiﬁed in tropical areas, the inﬂuence of the ISO on extratropical areas cannot be ignored.
esearch on the East Asian monsoon has shown that its 20–50 day oscillation is a major agent regulating the summer Yangtze
ainfall; further, a 10–20 day oscillation is pronounced during June and July (e.g., Yang et al., 2010; Mao  et al., 2010). Many
xtreme ﬂoods in eastern China are associated with ISO activities. For example, several studies have indicated that in the
ummer of 1998, the severe ﬂooding throughout the Yangtze River Basin was controlled by two  intraseasonal wet events
hat occurred in June and July (e.g., Zhu et al., 2003; Wang et al., 2003); other studies on the ﬂood of 1991 showed that
xtreme precipitation was controlled by a low-level, low-frequency (15–35 day oscillation) cyclone in the northern South
hina Sea and the Philippine sea, which led to a northeastward shift in the western North Paciﬁc subtropical high (e.g.,
ao  and Wu,  2006). In China, ﬂoods occur in both summer and winter. Some research about the freezing rain and snow in
008 showed that in the southern of China, the 30–60-day oscillations of circulation had inﬂuences on the rainfall and the
emperature, and caused severe weather extremes in 2008 (e.g. Hong and Li 2009; Ma  et al., 2011). In recent years, many
xtreme rainy events occurred in winter. From January 1 to March 16, 2010, extreme precipitation appeared in the Yangtze
iver Basin and to the south, which triggered landslides and debris ﬂow hazards in many provinces in China. From January 1
o March 16, 2010, the rainfall exceeded 330 mm in the southern part of the Yangtze River Basin, including Jiangxi, Jiangsu,
hejiang, Anhui and Fujian province, about 60% higher than that in the same period from 1951 to 2010 (Wang et al., 2011).
he extreme precipitation (larger than 50 mm d−1) events were found in about 35 observatories, and the heaviest rainfall
as more than 90 mm d−1, which appeared in Jiangxi Province. The standard deviations of the rainfall from January 1 to
arch 31 are shown in Fig. 1. In the long-term mean results (Fig. 1a), the largest variance center is located near the Yangtze
iver Basin and its southern regions, with a value of 6–7 mm d−1. However, the deviations in 2010 were much stronger than
he long-term mean, with values greater than 9 mm d−1 (Fig. 1b). There was an obvious positive anomaly in the middle and
ower regions of the Yangtze River Basin (Fig. 1c). In statistics, the standard deviation is a measure that is used to quantify the
mount of variation or dispersion of a set of data values, and here, the positive anomaly of the rainfall standard deviations
eans the strong intraseasonal variation. Therefore, we  chose to further analyze the region in the red rectangle (Fig. 1b,
12.5◦E-121.5◦E, 24◦N−33◦N).
In the strong rainfall variation areas (red rectangle, Fig. 1b), power spectrum analysis was used to check the cycle char-
cteristics of the rainfall from January 1 to March 31, 2010 (Fig. 2). We  set the red noise test at 95% level, and the value
f the power spectral density (the solid line) was larger than that of the red noise (the dashed line) on the intraseasonal
cale, so the time periods of 20–40 days passed the 95% red noise test; therefore, from January to March in 2010, the rainfall
resented the 10–60-day intraseasonal oscillation characteristics.
The objective of the present study was to select the extreme rainfall over southeastern China during the January to
arch (JFM) in 2010 as an example to reveal the winter ISO (10–60-day) characteristics and explain the onset of two
ntraseasonal rainfall events. This paper is organized as follows. Section 2 introduces the dataset and methods. The ISO
ainfall characteristics and the impacts of multi-scale activities on the onset of intraseasonal rainfall are analyzed in Section
. Finally, a summary is given in Section 4.
. Dataset and methods
.1. Dataset
The dataset analyzed in this study is from ERA-Interim reanalysis (Dee and Uppala, 2011). ERA-Interim is the latest global
tmospheric reanalysis produced by the European Centre for Medium-Range Weather Forecasts (ECMWF). This dataset has
een used to analyze extratropical cyclones (Hodges et al., 2011) and the air temperature in Ireland (Mooney et al., 2011),
nd it is also utilized in MJO  analysis (Crueger et al., 2013; Hung and Lin, 2014; Hsu et al., 2015). The ERA-Interim reanalysis
ataset is available at a spatial resolution of 1.5◦ with a 6-h time resolution on the ECMWF  data services web  page. The
aily variables, including the horizontal wind (zonal wind u and meridional wind v), the vertical velocity , the speciﬁc
umidity q, and the air temperature T, are calculated by averaging the original 6-hourly data. Daily satellite-observed OLR
Outgoing Longwave Radiation) from the National Oceanic and Atmospheric Administration was employed in the paper,
nd the resolution is 2.5◦.
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Fig. 1. Standard deviation of rainfall from January 1 to March 31: (a) from 1951 to 2010, (b) in 2010 and (c) the anomaly in 2010 (unit: mm d−1). The red
rectangle (112.5◦E-121.5◦E, 24◦N−33◦N) indicates the key region of rainfall (For interpretation of the references to colour in this ﬁgure legend, the reader
is  referred to the web version of this article.).Fig. 2. Power spectrum analysis of the rainfall in the key region (112.5◦E-121.5◦E, 24◦N−33◦N) from January 1, 2010, to March 31, 2010. The dashed line
is  the red noise test (95% level), and the solid line is the power spectrum density.
The observed daily precipitation data in China were provided by the National Meteorological Information Center of the
China Meteorological Administration. The source data include 740 stations in China from 1951 to the present. The data were
interpolated to a 1◦ × 1◦ grid in this study.
2.2. MethodsWe  chose the area in the red rectangle in Fig. 1b as the key region to study because both the rainfall and the intraseasonal
variation strength of rainfall displayed a positive anomaly. In Section 3, the time-height proﬁles are the results of the mean
in the key area.
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Fig. 3. The rainfall (a, column, unit: mm d−1), the 10–60-day ﬁltered rainfall (a, the red solid line, unit: mm d−1) and the vertical velocity integrated from
1000  to 100 hPa (b, unit: Pa s−1) from January 1 to March 31 in 2010 in the key region. The grey dashed lines indicate the dates that the ISO rainfall events
began (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.).
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tig. 4. The time-height proﬁle of 10–60 day ﬁltered air temperature (a, unit: ◦C), speciﬁc humidity (b, unit: g kg−1) and vertical velocity (c, unit: Pa s−1).
The Butterworth bandpass ﬁlter (Hamming, 1977) was used to analyze the ISO characteristics (10–60-day ﬁltered) for
FM in 2010. A 10-day high-pass ﬁlter and a 60-day low-pass ﬁlter were applied to extract the synoptic disturbances and
he low-frequency background state signals, similar to the method used by Hsu et al. (2011).
. The characteristics of the ISO rainfall
The daily precipitation in the key areas was spatially averaged, and a 10–60-day Butterworth bandpass ﬁlter was used
o analyze the intraseasonal rainfall ﬂuctuation. The rainfall and ISO rainfall (10–60-day ﬁltered) characteristics are shown
n Fig. 3a. There exist two strong rainfall periods from January 1 to March 31, 2010. The ﬁrst ISO rainfall period began on
anuary 24. The second ISO rainfall period was from February 26 to March 12, 2010. The 10–60-day ﬁltered integrated vertical
elocity (Fig. 3b, integrated from 1000 to 100 hPa, dp/dt, Pa s−1) showed a positive (negative) anomaly during the rainfall
reak (active) period.
The formation of precipitation usually includes the following: the moisture condition, the vertical velocity, and the
tability. Usually, the air temperature and moisture can change the stability and affect precipitation. The spatial average of
he air temperature (◦C), speciﬁc humidity (g kg−1) and vertical velocity (dp/dt, Pa s−1) are shown in Fig. 4. In the middle
26 S. Yao, Q. Huang / Dynamics of Atmospheres and Oceans 75 (2016) 22–32Fig. 5. Time-height proﬁle of 10–60-day ﬁltered equivalent potential temperature in the key region (unit: K).
troposphere (700–300 hPa), a warm center appeared on January 19, 2010. From January 19 to January 26, it became colder
in the middle troposphere. Before the onset of the second rainfall period, it became warmer in the low troposphere (Fig. 4a).
The air temperature tendency was different between the two period of the rainfall. Before the onset of the second rainfall,
the rise of the temperature in the low troposphere could increase the instability; yet for the ﬁrst rainfall period, there
was no warming trend before the rainfall appeared. Before the arrival of the precipitation, the speciﬁc humidity (10–60-
day ﬁltered) in the low troposphere changed from negative to positive (Fig. 4b) for both ISO rainfall events. The largest
intraseasonal vertical velocity (Fig. 4c) appeared in the middle of the troposphere. In the middle and upper troposphere, a
vertical upward velocity appeared before the onset of the rain, particularly in the ﬁrst ISO rainfall period. The strength of
the vertical velocity during the ﬁrst rainfall period was weaker than that in the second period, corresponding to a weaker
ISO rainfall strength. The humidity trend and the vertical velocity evolution were the same between the two period rainfall,
but as for the air temperature, there were differences between the two  intraseasonal rainfall events, so we analyzed the two
rainfall periods individually.
3.1. The ﬁrst rainfall period
Equivalent potential temperature (e) is related to the stability of a column of air in the atmosphere. Normally, under stably
stratiﬁed conditions, the potential temperature increases with height. When ∂e
∂p
> 0, the atmosphere is unstable to vertical
motions, and convection is likely. The equivalent potential temperature can be calculated from the air temperature and
speciﬁc humidity (Bolton 1980). Fig. 5 shows the time-height proﬁle of the mean equivalent potential temperature (10–60-
day ﬁltered) of the key region. Before the beginning of the ﬁrst intraseasonal rainfall event, the 10–60-day ﬁltered equivalent
potential temperature increased with height, so it was  stable. As it was shown in Fig. 4, the accumulation of humidity existed
before raining. Therefore, although it was stable stratiﬁcation, the ascending motion might lead to precipitation. What caused
the ascending motion became important. The vertical velocity was  diagnosed using the “ equation” (Holton 2004):
(∇2 + f
2
o

∂2
∂p2
)ω = f
2
0

∂
∂p
[
→
Vg · ∇( 1
f0
∇2  ˚ + f )] + 1

∇2[
→
Vg · ∇(−∂˚
∂p
)] − 
p
∇2Q, (1)
where f0 is the Coriolis parameter, ω is the vertical velocity,  = −RT0p−1d 1n 0/dp, R is the gas constant for dry air, p is
the pressure, 0is the potential temperature corresponding to the basic state temperature,T0  is the geopotential,
→
Vg is the
geostrophic wind,  = R/cp, Cp is the potential heat capacity and Q is the rate of heating per unit mass due to radiation,
conduction and latent heat release. From Eq. (1), we conclude that
−ω ∝ f0
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∂
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Vg · ∇(−∂˚
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assuming:
−ως = f0
∂
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[
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Vg · ∇( 1
f0
∇2  ˚ + f )]
−ωT =
1

∇2[
→
Vg · ∇(−∂˚
∂p
)]
−ωQ = −

p
∇2Q
, (3)
where ως indicates the contribution of the vorticity advection, ωT indicates the contribution of the temperature advection
and ωQ indicates the contribution of the diabatic heating. The three items on the right-hand side of Eq. (1) were computed.
The integrated (from 1000 to 300 hPa) 10–60-day ﬁltered vertical velocity (ω) and the three terms (ως, ωT, ωQ ) are shown
in Fig. 6. The integrated vertical velocity (the left coordinate, unit: Pa s−1) was primarily controlled by the Laplace transform
of the temperature advection (ωT , the green line, the right coordinate, unit: 10−10 Pa s−1 m−2). It is clear that warm advection
existed in the troposphere before the appearance of ascending motion.
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Fig. 6. The 10–60-day ﬁltered integrated (1000–300 hPa) vertical velocity (solid black line, left side axis, unit: Pa s−1) and the ω (solid red line), ωT (solid
green  line) and ωQ (solid blue line) terms and their total (dashed black line) (right side axis, unit: 10−10 Pa s−1 m−2) (For interpretation of the references to
colour  in this ﬁgure legend, the reader is referred to the web version of this article.).
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The time-height proﬁle of the 10–60-day ﬁltered temperature advection is shown in Fig. 7. The warm advection ﬁrst
ppeared in the lower troposphere, and the warm advection became much stronger on January 21, and on January 22, the
inking motion became to ascending motion, and then the precipitation appeared. We  used the method of Hsu et al. (2011)
ith the variable X = X¯ + X ′ + X ′′, where the over bar indicates background ﬁelds with time scales longer than 60 days, the
rime indicates the intraseasonal oscillation (10–60 day ﬁltered) and the double-prime indicates the synoptic variations
ith time scales shorter than 10 days. The 10–60-day ﬁltered air temperature advection (−V¯ · ∇T)′ is therefore
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Using Eq. (4), the inﬂuences of the multi-scale interaction on the temperature advection ISOs were quantitatively esti-
ated. The warm advection (1000–300 hPa integrated) from January 21 to January 24 depended primarily on the −(v′ ∂T
∂x
)
′
erm: the background air temperature advection caused by the intraseasonal meridional wind (Fig. 8). A second important
erm that contributed to the warm advection was −(v′′ ∂T
∂x
)
′
, which indicates that the synoptic disturbance of the meridional
ind should be considered.
From January 21 to January 24, there was an intraseasonal anticyclone reaching from East China to the East China Sea and
he Paciﬁc and an intraseasonal cyclone in the Bay of Bengal at troposphere (1000–300 hPa integrated) (Fig. 9a, vector). The
ackground air temperature (contoured) decreased from the south to the north. Therefore, the intraseasonal southeast wind
rought warm and wet air from the western Paciﬁc and the South China Sea into the key region. The OLR is shown as the
haded region. The 10–60-day ﬁltered OLR results show that there were convection activities over the western Paciﬁc, the
outh China Sea, the Indo-China Peninsula, and the Yangtze-River Basin from January 21 to January 24. As for the synoptic
isturbance (Fig. 9b), the southwest wind at the edge of the anti-cyclone over the South China Sea brought warm air to the
ey region, and synoptic convection activities were active from the Bay of Bengal to the middle-lower Yangtze River Basin..2. The second rainfall period
As for the ﬁrst period of the intraseasonal rainfall, it was stable before the rainfall appeared because there was a warm
enter in the middle of the troposphere. It was “stable” precipitation, and the ascending motion was  caused by the warm
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Fig. 8. Terms of the 10–60-day ﬁltered temperature advection (unit: 10−5 Ks−1) integrated from 1000 to 300 hPa, averaged from January 21 to January
24,  where adv1: −(u ∂T
∂x
)
′
; adv2: −(u ∂T
′
∂x
)
′
; adv3: −(u ∂T
′′
∂x
)
′
; adv4: −(u′ ∂T
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)
′
; adv5: −(u′ ∂T
′
∂x
)
′
; adv6: −(u′ ∂T
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∂x
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′
; adv7: −(u′′ ∂T
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)
′
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′
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′′
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′
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′
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;
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′
.
Fig. 9. The 10–60-day ﬁltered (a) and synoptic scale (b) wind (vectors, unit: m s−1) averaged from January 21 to January 24 (1000–300 hPa integrated). The
shaded colors indicate the OLR (unit: W m−2). The contoured lines in both (a) and (b) are the mean temperature (with scales longer than 60 days, unit: ◦C).
advection of the whole troposphere. Considering the different temperature tendency between the two period rainfall, the
equivalent potential temperature was also therefore analyzed for the second period rainfall (Fig. 10). It is clear that before
the onset of precipitation (February 26), the 10–60-day ﬁltered equivalent potential temperature (e
′
) decreased with height
(Fig. 10a), which was unstable, consistent with the accumulation of the warm and wet air in the low troposphere (Fig. 4a,
b). Because both the temperature and the speciﬁc humidity were used to calculate e, so which one was more important?
we calculated the JFM mean temperature and the JFM mean speciﬁc humidity, then used the mean temperature (speciﬁc
humidity) and the daily speciﬁc humidity (air temperature) to compute e. The ﬁltered results was shown in Fig. 10b, c. The
results indicate that both the speciﬁc humidity and the temperature inﬂuenced ′e. Even when the temperature (speciﬁc
humidity) was constant, the daily speciﬁc humidity (temperature) could still cause intraseasonal instability.
∂e
∂p
was the stability criterion. The differences in ′e between 850 and 700 hPa were shown in Fig. 11. Here the 10–60-day
ﬁltered e was calculated ﬁrst using the daily temperature and daily speciﬁc humidity and then using the mean temperature
(speciﬁc humidity) and daily speciﬁc humidity (temperature). On February 20, it became unstable. Compared to the tem-
perature, the speciﬁc humidity was more important because the ∂e
∂p
′
term calculated using constant temperature and the
daily speciﬁc humidity (dashed red line) was greater than that calculated using constant humidity and the daily temperature
(dashed green line). On one hand, the wet advection provided the moisture for the rainfall, on the other hand, it contributed
to the instability of the rainfall region. Therefore, the speciﬁc humidity in the low troposphere was  further analyzed.
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Fig. 10. The time-height proﬁle of 10–60-day ﬁltered equivalent potential temperature in the key region from February 18 to February 26(unit: K). (a)
calculated by the daily temperature and the daily speciﬁc humidity; (b) calculated by the mean temperature and the daily speciﬁc humidity; (c) calculated
by  the daily temperature and mean speciﬁc humidity.
Fig. 11. Differences between the 10–60-day ﬁltered equivalent potential temperature at 850 hPa and 700 hPa (unit: K). The solid black line was  calculated
using  the daily temperature and daily speciﬁc humidity; the dashed red line was  calculated using the mean temperature and daily speciﬁc humidity; and
the  dashed green line was calculated using the daily speciﬁc humidity and the mean temperature (For interpretation of the references to colour in this
ﬁgure legend, the reader is referred to the web version of this article.).
Table 1
The 10–60-day ﬁltered integrated (1000–850 hPa) terms in Eq. (6), unit: 10−5 g Kg−1 s−1.
∂q′ ∂q
S
ﬁ
i∂t
(−V · ∇q)′ −(ω
∂p
)′ S′
0.554 0.857 0.084 −0.388
The tendency of the speciﬁc humidity was calculated using the formula below (Wong et al., 2011):
∂q
∂t
= −V · ∇q − ω∂q
∂p
+ S (5)
From this, we could conclude that
∂q′
∂t
= (−V · ∇q)′ − (ω∂q
∂p
)′ + S′ (6)The primed terms had the same meanings as those used in Eq. (4). In Eqs. (5) and (6), q is the speciﬁc humidity, and
 indicates the sources or sinks of the moisture. Table 1 gives the contributions of the different items to the 10–60-day
ltered speciﬁc humidity tendency (1000–850 hPa integrated). The horizontal advection item contributed the most to the
ntraseasonal speciﬁc humidity change. The time-height proﬁle of the 10–60-day ﬁltered moisture advection is shown in
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Fig. 12. Time-height proﬁle of the 10–60-day ﬁltered moisture advection (unit: 10−5 g Kg−1 s−1).
Fig. 13. Terms of the 10–60-day ﬁltered moisture advection (unit: 10−5 g Kg−1 s−1) integrated from 1000 to 850 hPa, averaged from February 21 to February
′ ′ ′ ′′ ′ ′ ′ ′ ′′ ′ ′ ′ ′ ′′ ′26:  adv1: −(u ∂q
∂x
) ; adv2: −(u ∂q
∂x
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∂x
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∂x
) ; adv5: −(u′ ∂q
∂x
) ; adv6: −(u′ ∂q
∂x
) ; adv7: −(u′′ ∂q
∂x
) ; adv8: −(u′′ ∂q
∂x
) ; adv9: −(u′′ ∂q
∂x
) ;
adv10: −(v ∂q
∂y
)
′
; adv11: −(v ∂q
′
∂y
)
′
; adv12: −(v ∂q
′′
∂y
)
′
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∂y
)
′
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′
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)
′
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Fig. 12. It is clear that from February 21 to February 26, (−V¯ · ∇q)′ was  positive at low levels, especially below 850 hPa. The
10–60-day ﬁltered moisture advection is
−(u∂q
∂x
+ v∂q
∂y
)
′
= −(u∂q
∂x
)
′
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′
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)
′
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)
′
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∂x
)
′
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∂x
)
′
− (u′ ∂q
′′
∂x
)
′
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∂x
)
′
− (u′′ ∂q
′
∂x
)
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′′
∂x
)
′
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∂y
)
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(7)
where all of the superscripts in Eq. (7) again have the same meanings as in Eq (4). The items of the 10–60-day ﬁltered
moisture advection equation were integrated from the surface to 850 hPa. Fig. 13 shows the mean values averaged from
February 21 to February 26. It can be seen that −(v′ ∂q
∂y
)
′
is the most important term for intraseasonal wet advection and
that −(v′′ ∂q
∂y
)
′
contributed to wet advection. For both of the rainfall periods, the intraseasonal and synoptic meridional winds
were crucial.
From February 21 to February 26, it was the intraseasonal southwest wind that brought wet  air from the Bay of Bengal
and the South China Sea to the lower Yangtze River Basin (Fig. 14a). At the same time, in the water vapor transmission
path, the OLR was negative. The synoptic wind in the key region was also southwest, where it was  controlled by a cyclone
(Fig. 14b). Because of the distribution of the speciﬁc humidity, the intraseasonal meridional and the synoptic meridional
wind conveyed plenty of water vapor from the ocean to the land in the low troposphere, provided the enough water vapor
for the intraseasonal rainfall and enhanced the instability of the precipitation required.
4. Conclusions and discussion
The intraseasonal oscillation characteristics of the rainfall for JFM in 2010 were analyzed in this study. The precipitation
for JFM in 2010 was an obvious positive anomaly, and the intraseasonal variation of the rainfall was  very strong, with a
cycle of 10–60 days. There were two intraseasonal (10–60-day ﬁltered) rainfall periods, including “stable” precipitation
and “unstable” precipitation. As for the “stable” precipitation, we diagnosed the vertical velocity; as for the “unstable”
precipitation, the tendency of the instability was analyzed.Before the emergence of the ﬁrst period of intraseasonal rainfall, there was  a stable stratiﬁcation. The intraseasonal
ascending motion was caused by warm advection of the whole troposphere. A quantitative diagnosis of the intraseasonal
warm advection revealed that intraseasonal meridional wind brought in warm air from the south into the key region, which
contributed to most of the warm advection. Synoptic meridional wind also brought in warm air from the south.
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Hig. 14. The 10–60-day ﬁltered (a) and synoptic scale (b) wind (vectors, unit: m s−1) averaged from February 21 to February 26 integrated from 1000 to
50  hPa (the gray areas mean Tibetan). The shaded colors indicate the OLR (unit: W m−2). The contoured lines in both (a) and (b) are the speciﬁc humidity
with  scales longer than 60 days, unit: g kg−1).
The second period of intraseasonal rainfall was the result of a low-level unstable stratiﬁcation. Both the temperature
nd the speciﬁc humidity were associated with the unstable stratiﬁcation. The humidity contribution was, however, more
mportant than that of the air temperature. Before the emergence of the second rainfall event, intraseasonal southwest wind
nd synoptic southwest wind brought wet air from the Bay of Bengal and the South China Sea to the key region.
In summary, the intraseasonal temperature and speciﬁc humidity advections are very important for the intraseasonal
scillation of rainfall. Advection is ﬁrst determined by the intraseasonal meridional wind; however, high-frequency distur-
ances also contribute to the phase transformation of intraseasonal rainfall oscillations.
This paper chose to discuss only one example of intraseasonal rainfall oscillations in East Asia during the winter. Therefore,
hese results are preliminary. Future studies will discuss the climatic characteristics of the impacts of different time scale
ctivities on intraseasonal oscillations in East Asia in the winter.
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